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ABSTRACT: An iron-rich aluminosilicate glass is studied in different atmospheres by using 
differential scanning calorimetry. The results show that the oxidation state of iron and the maximum 
temperature have an effect on the crystallization behavior and on the liquid structure.  
Introduction 
The structure of basaltic-like liquids in an inert argon 
atmosphere has been studied indirectly by performing 
Differential Scanning Calorimetry (DSC) measurements by 
repeatedly heating samples up to temperatures above 
liquidus (Tliq) [1, 2]. Both works indicate that some 
structural order of the previous crystal structure is conserved 
in the liquid. When the sample is cooled down its 
crystallization is affected by the structure in the liquid and 
with continued heating cycles the formed crystalline 
structure changes towards the energetically most stable one. 
 
A basalt-like glass with chemical composition of (in wt%) 
41.5 SiO2, 18.2 Al2O3, 2.2 TiO2, 7.4 FeO, 16.2 CaO, 9.5 
MgO, 1.3 K2O, 2.1 Na2O, 0.3 P2O5, 0.2 SO3 is used in this 
study, where the iron is in reduced form (Fe2+) due to 
strongly reducing conditions of the melt process. To 
understand better the melting and the crystallization 
processes we have now conducted DSC measurements in air 
atmosphere, thus causing the iron to oxidize. The samples 
are repeatedly heated with a rate of 20ºC/min to a 
temperature above liquidus and then cooled to room 
temperature with the rate of 20 ºC/min similarly as in the 
study in argon atmosphere. The maximum temperatures 
used are 1250 ºC, 1300 ºC, 1350 ºC, 1400 ºC and 1425 ºC. 
 
It is known that Fe2+ ions act as network modifiers in glass, 
which are octahedrally coordinated with six non-bridging 
oxygen. In contrast Fe3+ ions can be both tetrahedrally and 
octahedrally coordinated. If alkali ions are present in the 
glass, then Fe3+ can play a role as a network former. Studies 
on the dynamics of the oxidation [3, 4] reveal how the 
oxidation process proceeds in the melt. Whereas [5] have 
looked on the changes in coordination structures and 
oxidation states of iron ions during equilibration processes 
of the calcium-silicate-iron liquid. For the nucleation 
process an increase in Fe2+ content lowers the nucleation 
temperature by 5 ºC and the nucleation rate by 13.4% 
according to [6]. The aim of this study is to gain 
understanding on the structure of the liquid above liquidus 
and to see how the redox state affects the crystallization this 
iron-rich aluminosilicate glass. 
Results and Discussion 
From the DSC measurements on the glass used in this study 
it is found that the oxidation state of the iron ions alters both 
the structural order of the liquid and the crystallization 
behavior. In general the differences observed when the glass 
sample is heated in air and argon respectively are 
comparable to differences in a basaltic liquid (see Ref. [7]). 
The first upscan crystallization occurs in two events in air 
and in one event in argon with an approximate 
crystallization temperature between the two peak 
temperatures of the air scan. The earlier crystallization in air 
is due to the increasing proportion of Fe3+, which is 
favorable for the formation of spinel crystals that provide a 
platform for pyroxene to nucleate and grow on [8]. Both 
spinel and the most common pyroxene, augite, crystals are 
detected in our XRD measurements. 
Oxidation of iron 
When the maximum temperature of a DSC scan is 1350 ºC 
or below the downscan crystallization peak becomes broader 
with increased maximum temperature as also was the case 
for crystallization in argon, but the shift in crystallization 
temperature to higher temperatures with increasing scan 
number observed in argon [2] does not occur in air 
atmosphere. This indicates that the oxidation of the Fe2+ ions 
has made the structure of the liquid more favorable for 
nucleation and crystal growth. Such liquid structure has 
lower energy barrier for ions to overcome for rearranging 
themselves in the way that a stable crystal phase easily 
forms during cooling. In argon atmosphere the crystalline 
phase had to be remelted several times before the ions were 
in the most favorable positions for crystallization. 
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Liquid structure 
As the maximum temperature is raised to from 1350 ºC to 
1400 ºC more pronounced changes occur. At this high 
temperature the liquid is so disordered that during cooling 
(downscan) the liquid is unable to rearrange in a manner to 
form a fully crystallized phase. The crystallization process 
occurs over a temperature interval of 100 ºC whereas it with 
lower maximum temperatures was covered in 40 ºC (Figure 
I a). This significant difference in crystallization behavior 
can also be seen in a lower iron oxidation state (see Figures 
I a and b), and reveals thus that the liquid structure is a 
general effect and is not determined by the oxidation state. 
Due to the difficulty of crystallization some glassy phase is 
conserved, which is revealed in the second upscan as an 
exotherm due to the crystallization of the glassy phase. The 
composition of the glassy phase is different when heating in 
air or argon, as in argon the glassy phase crystallizes at 
approximately 80 ºC higher temperatures than in air. The 
higher crystallization temperature in the second scan in 
argon is also noted in [7].  
Another noticeable change is that the liquid crystallizes into 
two separate structures during cooling, where the 
crystallization temperatures differ by approximately 50 ºC. 
In the melting peak of the next upscan is discovered an 
additional endotherm, probably due to the melting of the 
second phase. When comparing the x-ray powder diffraction 
(XRD) patterns of the materials heated to 1300 ºC and 1400 
ºC, the later shows several diffraction maxima that do not 
occur in the other one. This indicates that the material really 
crystallizes into two distinct structures when the maximum 
temperature is high enough. 
 
Conclusions 
The oxidation state of iron and the maximum temperature of 
the DSC scan affect the crystallization process and thus the 
structural order of the liquid, for which crystallization can 
be used as an indirect indication in the repeated DSC 
scanning method. Both argon and air atmospheres there is 
observed a distinct change in the downscan crystallization 
behavior when the maximum temperature is increased to 
1400 ºC. 
 
References 
1. Y. Z. Yue, J. Non-Crystalline Solids, 2004, 345&346, 523-
527. 
2. N. Lönnroth, and Y. Z. Yue, Phys. Chem. Glasses, 2005, 
revised. 
3. R. F. Cooper, J. B. Fanselow, J. K. R. Weber, D. R. Merkley, 
and D. B. Poker, Science, 1996, 274, 1173-1176. 
4. G. B. Cook, and R. F. Cooper, American Mineralogist, 2000, 
85, 397-406. 
5. K. Nagata, and M. Hayashi, J. Non-Cryst. Solids, 2001, 282, 
1-6. 
6. M. B. Tošić, R. Ž. Dimitrijević, S. A. Radosavljević, and M. 
A. Đuričić, J. Serb. Chem. Soc., 1998, 63(12), 1019-1030.  
7. D. J. M. Burkhard, Journal of Petrology, 2001, 42(3), 507-
527. 
8. M. A. Bouhifd, P. Richet, P. Besson, M. Roskosz, and J. 
Ingrin, Earth and Planetary Sci. Lett., 2004, 218, 31-44. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a)
 
b)
 
Figure I. Crystallization peaks of the first downscan. a) in air; b) 
in argon atmospheres, the maximum temperatures (Tmax) for 
upscan were 1300 ºC and 1400 ºC, respectively. 
